or decades, the location and size of unruptured intracranial aneurysms (UIAs) have been frequent topics in discussions among neurovascular specialists. In 2015, the American Heart Association and American Stroke Association advised in a guideline for health care professionals: "When a patient is considered for repair of an aneurysm, patient age, presence of medical comorbidities, and aneurysm location and size should be taken into careful consideration."
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or decades, the location and size of unruptured intracranial aneurysms (UIAs) have been frequent topics in discussions among neurovascular specialists. In 2015, the American Heart Association and American Stroke Association advised in a guideline for health care professionals: "When a patient is considered for repair of an aneurysm, patient age, presence of medical comorbidities, and aneurysm location and size should be taken into careful consideration." 14 There is agreement among health care professionals that the location and size of UIAs are among key prognostic factors for future rupture, and therefore authors of risk prediction models and treatment guidelines have tried to categorize the risk by these factors. In 2014, a simple PHASES score was created for prediction of future rupture. 1 According to the score, the 5-year absolute risk of rupture was minimal (~ 1%) for people younger than 70 years with small (< 10 mm) anterior circulation UIAs, even when these people had a history of hypertension and subarachnoid hemorrhage (SAH). 1 If one-quarter of all UIAs rupture in a lifetime, 6 and the risk of rupture of small (< 10 mm) anterior circulation UIAs is minimal, 1 the majority of RIAs are presumably large (≥ 10 mm). Due to the lack of large consecutive series of patients with RIAs, the proportion of small and large RIAs is unknown.
To estimate population-wide effects of any prevention strategy, which is based on risk categories, the proportion of events in each risk category has to be known. With regard to risk prediction models, which are used as tools to assess whether preventive interventions of UIAs are warranted, the proportion of RIAs in reported risk categories could not have been taken into consideration. Therefore, our aim was to define the location and size of saccular ruptured intracranial aneurysms (RIAs) in a consecutive series of a large number of patients admitted to a nonprofit, public, and academic center between 1995 and 2009.
Methods
The design of this study was approved by the local ethics committee.
Study Cohort
Since 1937, cases involving patients admitted to the Helsinki University Hospital with intracranial aneurysms have been recorded in the Aneurysm Registry of the Department of Neurosurgery. The latest risk prediction model, the PHASES score, 1 included patients diagnosed with SAH between 1992 and 2013 (annual incidence rates reported after first recruitments in 1991, maximum followup of 15 years). The data from more than 7000 patients in our registry were limited to consecutive patients diagnosed with SAH between January 1995 and August 2009, as this time period covers well the studies included in the PHASES score.
1 Furthermore, until the end of 2009, the vast majority of RIAs were treated surgically, enabling us to include patients with multiple aneurysms (the rupture site being confirmed in surgery) in the study cohort.
During the study period, 2191 patients were diagnosed with SAH caused by a saccular RIA. Of the 2191 patients, 65 patients were diagnosed with RIAs at autopsy (no angiographic studies before death), and 3 patients in surgery (no evident aneurysms in angiographic studies). For 4 patients with kidney insufficiency, RIAs were diagnosed using MR angiography. Comprehensive data from imaging studies and sizes of RIAs were available for 1993 patients, in whom RIAs were detected with CT angiography (CTA) or digital subtraction angiography (DSA). If a SAH patient underwent both DSA and CTA, DSA measurements were used in reporting the size of RIA.
Diagnosis, Location, and Size of RIAs
The diagnosis of SAH was made if lumbar punctures and/or CT scans revealed blood in the subarachnoid space. DSA and CTA studies were used to define the multiplicity, site, and size of RIAs. Overall, 85% of the cohort patients underwent CTA or 4-vessel DSA. Imaging studies were re-reviewed by one of the study neurosurgeons (R.K.), who is also a qualified radiologist. In the current study, RIA size equals the maximum diameter of the RIA.
Results

Patients With Saccular RIAs
The final study cohort included 1993 patients (61% women) with saccular RIAs, of which 1005 (50%) were detected with DSA, and 988 with CTA only. The median age on admission was 53.2 years (mean 53.8 years, SD 13.2 years, range 13.2-92.7 years). Only 1 patient with SAH was younger than 18 years on admission, and 404 (20%) patients were older than 65 years (retirement age in Finland). For women, the median age on admission was 55.2 years (mean 55.5 years, SD 13.5 years, range 19.8-92.7 years). For men, the median age was 50.6 years (mean 51.2 years, SD 12.4 years, range 13.2-88.4 years).
Location of RIAs
No patients were admitted with RIAs of the extracranial internal carotid artery (ICA). RIAs of the middle cerebral artery (MCA, 32%), anterior communicating artery (ACoA, 32%), ICA-posterior communicating artery (PCoA, 14%), and pericallosal artery (5%) accounted for 83% of all saccular RIAs (Table 1, Fig. 1 ). Of the 644 MCA aneurysms, only 11 were detected distal to the MCA bifurcation. Anterior circulation (including ICA-PCoA) RIAs constituted 1797 (90%) of all RIAs.
In the posterior circulation, the basilar artery (BA) bifurcation was the most common location of RIAs (Table  1) , accounting for 44% of all posterior circulation RIAs. RIAs of the BA bifurcation, posterior inferior cerebellar artery (PICA), and superior cerebellar artery accounted for 171 (87%) of the 196 RIAs in the posterior circulation.
Of the 63 PICA aneurysms, 20 were classified as distal PICA aneurysms, and 43 as vertebral artery-PICA aneurysms. When RIAs were divided into anatomical locations by the PHASES categories, 1 123 (6%) and 750 (38%) of RIAs were located in the anterior cerebral artery (ACA) and MCA territories, respectively. Furthermore, 476 (24%) of RIAs in our cohort were classified as posterior/PCoA aneurysms according to the PHASES score. 1 Women with RIAs presented most often (33%) with ruptured MCA aneurysms, whereas nearly half (43%) of men presented with ruptured ACoA aneurysms ( Table 1 , Fig. 1 ). In our series, PCoA RIAs were more frequently diagnosed in women (18%) than in men (8%) ( Table 1 , Fig. 1 ). Ruptured MCA aneurysms were located more frequently on the right side in women (63%) and men (61%). In 50% of the cases, ICA-PCoA aneurysms were located on the right side in women. In men, 61% of the ruptured ICA-PCoA aneurysms were on the right side. Of the pericallosal artery RIAs, 45% and 23% were located on the right side in women and men, respectively. Overall, 606 (58%) of all 1046 ICA and MCA RIAs were located on the right side, and these right-sided RIAs accounted for 34% of all 1797 anterior circulation RIAs.
Women with anterior circulation RIAs had a median age of 55.0 years, and women with posterior circulation RIAs had a median age of 56.1 years. Men with posterior circulation RIAs had a median age of 56.7 years, whereas the median age for men with anterior circulation RIAs was 50.7 years. It seems possible that patients with ICA bifurcation RIAs are somewhat younger (median age of 41.7 years) than patients with RIAs in other locations (Table 1) . Moreover, the median age of men with PICA RIAs appears exceptionally high (68.1 years) in our series ( Table 1) .
Size of RIAs
The median size of anterior and posterior circulation RIAs was 7 mm (range 1-43 mm). Classified by patient sex, the median size of RIAs was 7 mm in women and 8 mm in men. In men, the median size of both anterior and posterior RIAs was 8 mm. In women, the median size of posterior circulation RIAs was 6 mm and that of anterior circulation RIAs was 7 mm. Median sizes are listed by location in Table 2 . Ophthalmic artery RIAs had the largest median size (11 mm). The smallest median size (6 mm) was detected for PICA and pericallosal artery RIAs (Table 2) .
Of all 1993 RIAs, 285 (14%) were smaller than 5 mm, 809 (41%) were smaller than 7 mm, 1393 (68%) were smaller than 10 mm, and 1545 (78%) 10 mm or smaller in maximum diameter (Fig. 2, Supplementary Fig. 1 ). RIAs were most frequently 5-6 mm (Fig. 2) . RIAs of 3 mm were as frequent (4%) as RIAs of 12 mm and more common than, for example, RIAs of 11 mm, 13 mm, or 14 mm (Fig. 2) . RIAs of 4-10 mm and 3-12 mm accounted for, respectively, 1429 (72%) and 1674 (84%) of RIAs in our cohort. The distribution of RIAs by PHASES size categories 1 and median patient age on admission are shown in Table 3 and Supplementary Fig. 2 . Table 3 The maximum diameter of anterior circulation RIAs was less than 5 mm in 14% of our cases and less than 7 mm in 40%; in the posterior circulation, 20% of RIAs were smaller than 5 mm and 44% were smaller than 7 mm. Moreover, 69% of anterior circulation and 67% of posterior circulation RIAs were smaller than 10 mm. The percentage of women and men with anterior circulation RIAs smaller than 5 mm, 7 mm, or 10 mm in diameter was more or less the same (results not shown). In men with posterior circulation RIAs, only 8% of RIAs were smaller than 5 mm and 34% were smaller than 7 mm. In 26% of women with posterior circulation RIAs, the aneurysm size was less than 5 mm, and in 50% of women it was less than 7 mm (Fig. 3) .
Multiple Aneurysms
Of the 1993 patients with RIAs, 599 (30%) were found to have multiple intracranial aneurysms. The rupture site was confirmed in surgery in 509 (85%) of the cases. For 51 endovascularly and 39 conservatively treated patients with multiple aneurysms, the rupture site was determined on the basis of aneurysm morphology and blood distribution on CT. Multiple aneurysms were more common in women; 405 (33%) of women and 194 (25%) of men were found to harbor at least 2 intracranial aneurysms. Three or more intracranial aneurysms were detected in 215 (11%) of patients, and 74 patients (4%) had 4 or more intracranial aneurysms. Two women had 9 intracranial aneurysms, whereas the highest number of aneurysms in men was 6 (1 patient).
The median age on admission was 57.0 years (range 26.4-88.1 years) for women with multiple aneurysms and 55.6 years (range 22.1-92.7 years) for women with only a single aneurysm. For men with multiple aneurysms, the median age was 52.3 years (range 20.8-88.4 years) compared with 52.0 years (range 13.2-84.5 years) for men with a single aneurysm. The patient group with multiple aneurysms had a median RIA size of 8 mm (mean 8.9 mm, SD 4.6 mm, range 2-38 mm). The median RIA size for patients with single aneurysms was 7 mm (mean 8.1 mm, SD 4.3 mm, range 1-37 mm).
Discussion
The maximum diameter of the vast majority of RIAs (90%) located in the anterior circulation and 78% of all RIAs was 10 mm or less. Four arterial territories in the anterior circulation included 83% of all RIAs; RIAs of the BA bifurcation, the most common location in the posterior circulation, accounted for only 4% of all RIAs. In fact, if the 4 most common locations are excluded, the annual admission rate for SAH due to saccular RIAs of any other arterial territory at our high-volume center would be only 5 patients a year or fewer. Thus gaining the necessary knowledge and experience in treating RIAs in these infrequent locations may be challenging in a number of treatment centers. Of note, not a single patient was admitted due to a ruptured extradural ICA aneurysm. The most common location of RIAs was the MCA in women and the ACoA in men, and multiple aneurysms were more commonly detected in women. Nearly 60% of ICA and MCA RIAs were located on the right side, which may give some surgical advantage for right-handed surgeons. It seems possible that patients with ICA bifurcation RIAs are relatively young, and men with PICA RIAs are relatively old. In brief, in the current series of SAH patients admitted to one of the largest Western neurosurgical units between 1995 and 2009, the size of saccular RIAs varied considerably by location and sex.
Series of 1000 or more consecutive patients with RIAs are limited. In a consecutive series of 1007 patients with RIAs diagnosed between 1977 and 1990 in Eastern Finland, the mean maximum diameter of RIAs was 11 mm, and in 20% of RIAs it was 15 mm or greater. 2 In our series, the mean and median sizes (measured as maximum diameter) were 8 and 7 mm, and only 9% of the aneurysms were 15 mm or larger. In a consecutive series of 1053 patients diagnosed with RIAs between 1995 and 2007 in Eastern Finland, multiple aneurysms were diagnosed in 28% of the patients (25% males, 30% females), and the median RIA size was 7 mm. 9 The historical Cooperative Aneurysm Study included patients admitted on Day 0 to Day 7 after SAH 4 and can perhaps be considered as a consecutive series of patients. Of 1092 patients admitted between 1970 and 1977 to 12 centers, 22% had multiple aneurysms (4-vessel DSA not performed in all SAH patients). 4 In our study, 30% of SAH patients had multiple aneurysms. Of the 1092 RIAs, 10% were smaller than 5 mm and 66% were smaller than 10 mm. 4 In our study, 14% of RIAs were smaller than 5 mm and 68% of RIAs were smaller than 10 mm.
Nonconsecutive series of 1000 or more patients with RIAs have been reported more often than consecutive series. In a multicenter study of surgically treated Japanese patients with 1248 RIAs diagnosed between 1988 and 1994, only 13% had multiple aneurysms. 12 Of the 1248 RIAs, 38% were smaller than 6 mm and 93% were smaller than 16 mm. 12 In our study, only 26% were smaller than 6 mm and 65% were smaller than 16 mm. The same Japanese authors published 4 years later an updated nonconsecutive series of 2055 RIAs diagnosed between 1988 and 1998. 13 In this update, the results remained the same, suggesting that 38% of RIAs were smaller than 6 mm and 93% were smaller than 16 mm. 13 In the International Subarachnoid Aneurysm Trial (ISAT), a randomized multicenter trial involving 2143 patients with RIAs diagnosed between 1994 and 2002, 97% of the RIAs located in the anterior circulation, and only 21% had multiple aneurysms. 10 Of 2143 RIAs, 52% were 5 mm or smaller and 93% were 10 mm or smaller. 10 In our study, only 28% of RIAs were 5 mm or smaller and 78% were 10 mm or smaller. Reporting sizes and locations of RIAs can be misleading in cohort studies of nonconsecutive patients. Treatment trials in particular often involve strictly selected patient groups, which do not necessarily represent the whole population of the study area.
In the 1980s, Wiebers and coauthors concluded that small (< 10 mm) UIAs have a very low risk of rupture. 15, 16 The authors' conclusion was founded on follow-up studies of 65 15 and 130 16 patients with UIAs. Later, in 1998, Wiebers and coauthors reported that only 32 (2.2%) of 1449 people with UIAs suffered from SAH during a mean follow-up time of 8.3 years. 3 The low event rate led to a conclusion that the annual rupture rate of UIAs smaller than 10 mm in diameter was as low as approximately 0.05%. 3 The most recent risk prediction model, the PHASES score, suggested that small (< 10 mm) anterior circulation UIAs have a low (~ 1%) 5-year risk of rupture. 1 The low risk estimate in the PHASES study 1 is perhaps expected, as this pooled analysis of previous prospective studies was basically an update of Wiebers and colleagues' earlier 3 study, as pointed out previously. 5 In the PHASES risk prediction chart, which is a pooled analysis of 60 patients with SAH, the risk estimates were stratified into more than 30 subgroups (by age, UIA size, and UIA location).
1 Given the size variation of RIAs by location and sex in our consecutive cohort, such a risk prediction model with risk figures for a high number of subgroups is likely to have inaccuracies. Based on our results, small (< 10 mm) anterior circulation RIAs account for the majority of cases of SAH, and judging small (< 10 mm) UIAs safe seems unwarranted.
Forty-one percent of all aneurysmal SAHs in our cohort were caused by RIAs smaller than 7 mm in maximum diameter. As a gross simplification, we can estimate that even if the vast majority of UIAs smaller than 7 mm would never rupture, a preventive UIA treatment strategy founded on an arbitrary threshold size of 7 mm could decrease the incidence of SAH by 59% by treating every single UIA with a diameter greater than 7 mm, worldwide. This would mean that this preventive strategy could effectively and accurately identify also all individuals with UIAs that are likely to rapidly grow to the size of 7 mm or more just prior to SAH. By understanding the size distribution of RIAs, doctors can better estimate the prevention potential of size-based prevention strategies, i.e., whether a strategy can lead to a substantial reduction in the population-wide event rate. We believe that a conservative treatment decision should rarely, if ever, be based solely on the size of UIA.
Our study has shortcomings. First, the cohort does not include SAH patients who died suddenly away from a hospital. As a substantial number of SAH patients die suddenly, 8 cause sudden deaths, 11 the median size of RIAs could be somewhat larger if the cohort included people dying away from hospitals. Excluding people dying outside hospitals may also affect the results of anatomical distributions of RIAs. Second, the generalizability of single-hospital study results can sometimes be questioned. Our study hospital is a large, academic, and nonprofit center that serves onethird of the Finnish population. Therefore, the cohort is likely to represent the population in the study area. Furthermore, the Finnish incidence of SAH is similar to the incidence in other Nordic countries, 5, 7 and external validity is not threatened by an exceptional rate of study events. Third, even though we had data on smoking and diagnosed hypertension for the admitted patients, such retrospective data have to be considered unreliable in assessing predisposing factors for RIAs. For this reason, we omitted statistical between-group analyses, and we cannot for example claim that men have a higher risk of ACoA aneurysms. As the study purpose was not to define risk factors for RIAs, but to increase the epidemiological understanding of RIAs, this shortcoming is perhaps insignificant. Finally, as 95% of the rupture sites were verified (with patients having only 1 RIA or the site confirmed in surgery), the study includes a small number of patients with multiple aneurysms and unconfirmed rupture sites.
Conclusions
The results of this study shed light on the gap in epidemiological knowledge regarding the size and location of RIAs. Our results suggest that the majority of RIAs are small and that the size varies by sex and location. With the knowledge of median sizes and the most common locations of RIAs, population-wide effects of any preventive treatment strategy relying on size-based rupture risk prediction models can now be better estimated.
